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LaGriT Grid Generation

Benefits

Three-dimensional, moving, to any 3D application through user-
adaptive, grid generation isextensible data objects, user-
an essential enabling techdefined commands, and easy to use
nology allowing scientists interfaces for linking with existing
and engineers to solve time-application software. To date, the
dependent, three-dimen-LaGriT software has been
sional (3D) problems that usemplemented and tested as a
techniques such as finite-toolbox library on four different
element methods. Thisworkstation platforms.
newly developed software
(LaGriT) provides a full set How LaGriT Works
of grid generation and grid
optimization tools for Modeling and simulation of static
constructing and maintainingor dynamic, 3D processes require
3D unstructured grids. generation, optimization, and
dynamic maintenance of high-
In three dimensions, quality 3D grids. The grid software
LaGriT’s unstructured grid produces grids that can be used by
toolbox library minimizes any numerical method for solving
required computer resourcepartial differential equations that
because grids created usingupports unstructured elements.
LaGriT require a minimum Grid generation creates a set of
number of grid nodes toconnected elements from a user-
resolve problem-specific specified geometry. Elements are
properties such as movingsimple geometric objects such as
boundaries and changes itetrahedra or hexahedra; the vertices
field values, while still of the elements are called nodes.
preserving material interfaceGrid optimization uses refinement
connectivity and curvature. and smoothing techniques to adjust
the number of nodes and the node
LaGriT was intentially positions to provide optimal spatial
designed to be easily appliedesolution for the problem to be
solved. In order to obtain accurate
solutions in both time and space, the
rids must be dynamically modified

Three time-steps in a grain growth simulation in which inter-
face motion by mean curvature leads to shrinkage and disa
pearance of "blue" grain. The grid connectivity is manage

continuously to maintain approximately constant grid spacing. Los Alamos
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LaGriT Grid Generation

Semiconductor device mode
computational grid is gener;
ated from solid model. Nots
clean interfaces between ma
terials, varied aspect ratios @

elements, and use of propof-

tional spacing in the greer
silicon region.

to follow moving region interfaces between the silicon region and the
and time-dependent functionsilicon dioxide region is best
changes. LaGriT provides a libraryrepresented as a dynamic sheet
of tools useful to both static and timesurface.
dependent applications over widely
varying spatial scales(2) Nodes are then distributed on the
ranging from microns for surfaces and within the volume of the
semiconductor device andgeometry. In order to most accurately
process modeling torepresentthe actual spatial geometry,
kilometers for geologic the user may choose among
modeling. Realistic models Cartesian, cylindrical, or spherical
usually require intricate coordinate systems for each region
geometries and multipleand may choose even or proportional
materials in order to capturespacing to control node density.
the phenomena of interest.
Grid generation algorithms (3) The last step connects the nodes
must handle multiple into volume elements. LaGriT uses
materials and nonanalytica modified Delaunay tetrahedra-
interfaces and must creatdization algorithm which respects
well-shaped elements withmaterial interfaces by assuring that
carefully placed nodes.there are no multimaterial elements
LaGriT generates gridsand which guarantees positive
meeting these requirementgoupling coefficients in the volume,
in the following three steps.an essential requirement for solving
the matrices used by modeling
Grid Generation applications. Although primarily a
3D tetrahedral code, LaGriT

(1) LaGriT defines geo- supports hybrid grids which
metric regions as combin-combine hexahedral and tetrahedral
ations of bounding sur-grid sections using pyramids and
faces, where the surfaceprisms as bridge elements and
may be described analyti-which provide the calculational

cally (e.g., planes, spheresadvantage of fewer elements.

cylinders, or cones), or surfaces

may be described as sheets (useBrd Optimization
- provided) which are collections of

connected triangles or quadriGrid optimization combines
2 laterals. These sheets areefinement, smoothing, and
1-topologically two dimensional butreconnection tools which modify the
f geometrically three dimensional agrid to provide more spatial
if one were to take a sheet of rubbeesolution where needed by the
and warp and stretch it to confornproblem being solved. Grid
to an uneven surfac&or example, refinement adds nodes based on
to model an etch or depositiorgeometric criteria such as edge
process over time in alength, or based on the value of a

(Model contributed by Intel Corporation.

semiconductor device, theerface physical field. For example, in
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modeling boron diffusion in silicon, and libraries 2D grid extracted from a 3D grid during a

it is necessary to resolve very steepere designed gemjconductor process simulation. The 2D
diffusion gradients where smalleras objects in 4 \vas smoothed and refined to concentrate
elements are needed; the refinementder to be grid in areas of steepest gradient of the dopant

tool creates more elements where tieompletely concentration, while maintaining orthogonal
gradient is highest. Grid smoothingand easily user ~". . L g . g
grid orientation near the channel regions.

moves existing nodes to adapt the grieixtendable.
to a physical field and, at the sam&or example, ¥
time, maintains quality element shapef a diffusion [
Grid elements may become distortedimulation
or may become non-Delaunay aproblem
nodes are added as a result g&quiresboron
refinement or moved as a result ooncentrations
smoothing operations. Grid reconin silicon, the
nection then maintains the necessanser will issue
element-shape quality and maintaing command
the positive coupling coefficientadding a bor-
criterion of the grid by interchangingon field to the

the connections grid and to the
data structure;
Time-Dependent Grid Maintenance LaGriT will assume all respon-

sibility for maintaining that fiel
Grid maintenance in time-dependenas the grid evolves. User
simulations uses the refinementgommands are also easily added
smoothing, and reconnection tools tto LaGriT. A user comman
respond to function value changesight be as simple as reading a
and node movement. Additional renonstandard interface file or
guirements are imposed wheromplex as solving a set
tracking moving surfaces. Forpartial differential equations o
example in grain growth simulation,the grid. To implement such|a
interface surfaces move and theommand the user would npt
regions touching these surfaces growave to change any lines
or shrink dynamically. As surfacesLaGriT code; the needed data are
collide, the grid must respond byaccessible through librar
merging points and effectivelyfunctions, and the new command
squeezing out the material betweeaode module need only be linked _ )
the colliding surfaces. LaGriTwith the LaGriT libraries] G€0ometry defined using sheet
provides these additional gridFinally, the LaGriT toolbox was Surfaces as material interfaces.
maintenance tools for time-designed to provide a direct and he top material is transparent

dependent simulations easy interface with userso that the finely-gridded mov-
generated application codes. Fanhg surface is visible. The his-
Grid Server Architecture example, a user-generategory of a previous time step is

~ application can view the LaGriT yisiple in the surface trace in the
Because of the enormous variety dbolbox as a grid server. T ®pink'material.

applications that need high-qualityapplication will ask the server to

grids, the LaGritT data structuresreate the initial grid and t (Geometry contributed by Motorola.)
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perform user-specified operationgautomated grid generation in
on the grid. This design relievegieological applications to calculate
the application from alirid chores. fluid flow and reactive chemical
transport by finite element and finite
difference methods. Both coarse
grids for preliminary calculations
Geological applications requireand refined grids for final, high-
accurate representation of complesesolution calculations are used.
engineered systems (wells, tunnels,

Geological Applications
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reservoirs) and geologic structure

Shown is a 3D model of geologic

stratigraphy and a 2D compu
tational mesh extracted from the

3D model. This is used fo
studying lateral flow resulting
from stratigraphic and perme;
ability contrasts.

Semiconductor applications are done
collaboration with the Semiconductg
Research Corporation and the geolog
application in collaboration with the
Department of Energy's Yucca Mountd
Site Characterization Project

and stratigraphy (layering, foldin
" domes, faulting) in order to produ

I flow and transport. Oil and g

waste site characterization a
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remediation, and nuclear wast
disposal in a geologic repository

in

idoehavior of a system.

LaGriT is currently used fo

must be used to predict the long term
In all these
systems, grid generation is the key
into accurate and stable solutions.

some of the areas where modeling
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